The isoxazole structure is present in several pesticides. However, 25 there is a lack of information about its degradation products after the release to the 26 atmosphere. The main atmospheric reactions of hymexazol (5-methylisoxazol-3-ol), 27 selected as representative model, were investigated at a large outdoor simulation 28 chamber. The predominant products of atmospheric degradations were gaseous nitrogen 29 derivates (nitric acid, nitrogen dioxide, nitrogen oxide, nitrous acid, and 30 peroxyacetylnitrate), ozone, and small oxygenated compounds (formic acid, 31 formaldehyde, and methylglyoxal). The aerosol yields were lower than 5 %, and an OH 32 rate-dependence was observed in the nucleation, particle growth, and size distribution. 33
INTRODUCTION
6 aerosol formation (0.01 µg m -3 , 60 particles cm -3 ) was considered to occur when the 119 first significant particle concentration was registered (3σbackground). The specific dilution 120 process was determined using SF6 as a tracer being 6.510 -6 s -1 the average rate. Finally, 121 the average OH concentrations present in the smog chamber during the photo-oxidation 122 reactions were calculated from the second-order decay of hymexazol (kOH = 
RESULTS AND DISCUSSION 136

Hymexazol consumption and gaseous products 137
The first step was a theoretical study of isoxazole molecule reactivity based 138 upon the structure-activity relationship (SAR) methods developed by Kwok and 139
Atkinson, 1995. The molecular modeling indicated a low degradation rate by photolysis 140 and ozonolysis reactions but the OH-nucleophilic attack is favored and directed to 141 certain positions with more positive charge density. The kinetic rate constant, kOH Then, the atmospheric formation of oxygenated degradation products from isoxazoles is 147 expected to be important. 148
The following step was focused on the atmospheric reactivity of hymexazol as a 149 model compound, measured in simulation chamber. Its consumption was calculated 150 from the experimental reaction profiles (see Supplementary Information). The 151 degradation percentages from photo-oxidations were 28.8 % in the absence of NOx, and 152 50.0 % in the presence of NOx, being substantially higher than those from photolysis 153 The existence of a delay is due to an induction period, where condensable compounds 212 reach their saturation point (Ng et al., 2007) . Secondly, the aerosol growth was studied, 213 calculating the curves of the aerosol mass concentration (Mo) as a function of the 214 hymexazol reacted (HC). A strong linear correlation (R 2 > 0.95) was observed with 215 the presence of NOx, respectively. The maximum formation was reached 5 h and 3.5 h 217 after the start of nucleation for the NOx-absence and presence, respectively. 218
The particle size distributions versus time were also studied (inserts of Figure 2) . 219
In both OH-photo-oxidations, an initial growth controlled by condensation or 220 homogeneous/binary nucleation process was observed. Then, the growth continued and 221 particle distribution moved to larger sizes, showing a bimodal distribution due to the 222 coagulation of particles and condensation of semi-volatile compounds on their surface. 223
This behavior is most evident in the absence of NOx conditions, owing to the slowest 224 OH production. Finally, when the steady state was reached, the particle size remained 225 constant. 226
Other carbon-containing degradation products 227
The atmospheric oxidation of semi-volatile compounds generates multi-228 oxygenated products. For that, their determination by GC-MS technique was applied to 229 gas-phase and particulate samples collected during reaction. A typical chromatogram of 230 a high NOx photo-oxidation gaseous sample analyzed in the electron ionization mode is 231 shown in Figure 3 . A total of 23 products, listed in Supplementary Information, were  232 found. Most molecules were detected in both OH-photo-oxidant conditions and both 233 gaseous and particle phases. 234
The most abundant products were C4-ring-cleavage compounds with 235 oxygenated moieties at positions 1 and 3. They included 3,4-dioxobutanoic acid, 3-236 oxobutanoic acid, 3-hydroxybutanoic acid, 3-oxobutanal, 4-hydroxybutan-2-one, and 2-237 oxobutanedioic acid. Other nitro/nitroso substituted compounds were tentatively 238 identified, such as 4,4-dihydroxy-4-nitrosobutan-2-one and 1-nitrosobuta-1,3-diene-1,3-239 diol. Short chain compounds were detected such as 2-oxopropanoic acid, acetone,and particulate phases. Only two ring-retaining products were detected at trace levels 242 and tentatively identified as 5-(hydroxymethyl)isoxazol-3-ol and 3-hydroxyisoxazole-5-243 carbaldehyde. 244
Moreover the identification of new identified carbon-containing degradation 245 products appears on Supplementary Information. We describe the interpretation of mass 246 spectrum for three relevant tentative products obtained by GC-MS in the EI mode. 247
These products are representatives of the main reaction pathway proposed. 248
Degradation pathways of OH-photo-oxidations 249
The reaction of OH radical with isoxazole takes place via: OH addition and H-250 should depend on the ring moieties. 258
The OH-attack to hymexazol followed by C-C bond fission was proposed in our 259 previous study, according to the general reaction pathway for 5-membered oxygen-260 containing ring alkoxy radicals (Mellouki et al., 2003) . However, the expected main 261 product (N-(acetyloxy)-2-oxoethanimidic acid), was not detected. Other results of 262 present study, such as the formation of nitrogen oxides and the detection of several 263 structurally defined carbon-containing products deserve special emphasis to propose an 264 alternative and experimentally supported reaction pathway. The nucleophilic attack,and, to a lesser extent, C-5 (methyl group), rather than C-4 (non substitutions). 267
Consecutive reactions lead to the cleavage of the ring, the loss of nitrogen oxides, and 268 the formation of 1,3-oxygenated C4-products, e.g. 3-oxobutanal. This ring-cleavage is 269 entropically favored for the formation of new gas molecules and has been described for 270 other aromatic systems (Baltaretu et al., 2009 ). Moreover, after the aromatic -system is 271 lost, the cleavage of N-O bond (220 kJ mol -1 ) and C-N bond (300 kJ mol 
